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VLJQDWXUHV
,QRUGHU WR LQYHVWLJDWH WKH LPSDFWRI LQGXFWLYH OLQH WHUPLQDWLRQRQ
WUDQVLHQWSKHQRPHQDVWXGLHVRQILYHGLIIHUHQWIDXOWVFHQDULRVKDYH
EHHQFDUULHGRXW7KHORFDWLRQRI WKHVHIDXOWV LVGHSLFWHGLQ)LJ
DQGIXUWKHUH[SODLQHGLQ7DEOH,WVKRXOGEHQRWHGWKDWIRU WKRVH
FDVHVWKHYROWDJHDQGFXUUHQWPHDVXUHPHQWVKDYHEHHQFDSWXUHGDW
WKHOLQHVLGHRI/L,QWKLVFRQYHQWLRQIDXOW)LVFRQVLGHUHGFORVH
XS LQWHUQDO) LV FRQVLGHUHG UHPRWH LQWHUQDO) LV D EXVEDU IDXOW
H[WHUQDO ) LV D IRUZDUG H[WHUQDO IDXOW DQG ) LV D UHYHUVH
H[WHUQDOIDXOW
)RUWKHDQDO\VLVRIWKHIDXOWVFHQDULRVSUHVHQWHGLQ7DEOHLWLV
RI PDMRU LPSRUWDQFH WR GHILQH WKH HTXLYDOHQW LQGXFWDQFH / IURP
SRLQW RI PHDVXUHPHQW LH OLQH VLGH RI / WR WKH DFWXDO IDXOW
7KHVHKDYHEHHQFDOFXODWHGDQGLQFOXGHGLQ7DEOH
)LJDLOOXVWUDWHVWKHFXUUHQWIHHGRI/LQHIRUIDXOWVFHQDULRV
) WR)$VH[SHFWHGDIWHUWKHIDXOWWULJJHUDWWIDXOW(? (?(팀mVKLJK
FXUUHQWV IORZ WKURXJK /LQH  (YHQ WKRXJK WUDYHOOLQJ ZDYHV DQG
WKHLUDVVRFLDWHGSURSDJDWLRQGHOD\VFRUUHVSRQGLQJWRIDXOWORFDWLRQ
DUH SUHVHQW LQ FXUUHQW PHDVXUHPHQWV WKH GLVWLQFWLYH IHDWXUHV IRU
IDXOW GLVFULPLQDWLRQ DUH YLVLEO\ DWWHQXDWHG 7KH RQO\ DSSDUHQW
IHDWXUH UHODWHV WR WKH IDXOW)ZKHUHSRZHU DQGKHQFH WKH FXUUHQW
UHYHUVDO DUH REVHUYHG )RU WKLV UHDVRQ WKH QDWXUH RI WKH IDXOW LV
EHWWHU LQYHVWLJDWHG E\ XWLOLVLQJ YROWDJH PHDVXUHPHQWV )RU HDFK
IDXOW VFHQDULR WKH YROWDJH UHVSRQVH LV GHSLFWHG LQGLYLGXDOO\ LQ
)LJ  ,Q DGGLWLRQ WKH YROWDJH PHDVXUHG DW WHUPLQDO 7 LV DOVR
LQFOXGHG WREHWWHUGHPRQVWUDWH WKHVLJQLILFDQFHRIFXUUHQW OLPLWLQJ
LQGXFWRUV
,Q DOO FDVHV WKHUH LV D VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH WZR
FDSWXUHGYROWDJHZDYHIRUPVIRULQWHUQDOIDXOWV)DQG))LJVD
DQGE UHVSHFWLYHO\7KHVHDSSHDU WRKDYHGLVWLQFWLYHVKDUSHGJHV
ZKLFKDUHPRUHSURQRXQFHGRQWKHOLQHVLGHRILQGXFWRU/DVWKH
PHDVXULQJSRLQWLVFORVHUWRWKHIDXOWDQGGRHVQRWKDYHDQ\OXPSHG
UHDFWRU LQEHWZHHQ $V IRU H[WHUQDO IDXOWV ) ) DQG ) WKH
7DEOH(? 07'&QHWZRUNSDUDPHWHUV
3DUDPHWHU 9DOXH
'&YROWDJHN9 
'&LQGXFWRUP+ 
OLQHUHVLVWDQFHȍNP 
OLQHLQGXFWDQFHP+NP 
OLQHFDSDFLWDQFHȝ)NP 
OLQHOHQJWKV±NP 
$&IUHTXHQF\+] 
$&VKRUWFLUFXLWOHYHO*9$ 
$&YROWDJHN9 

)LJ௒5DWHRIULVHRI'&FXUUHQWZLWKGLIIHUHQWLQGXFWDQFHYDOXHVIRUDVROLGSROHWRSROHIDXOWDWWHUPLQDO7

7DEOH(? 7LPHLQGLFHVDW(팀k$
LQGXFWDQFHP+       
WLPHPV       
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7DEOH(? 'HVFULSWLRQRIIDXOWVFHQDULRV
6FHQDULR 'HVFULSWLRQ
) FORVHXSLQWHUQDOIDXOWDW/LQH(팀kPIURP7
) UHPRWHLQWHUQDOIDXOWDW/LQH(팀kPIURP7
) EXVEDUH[WHUQDOIDXOWDW%XVEDU
) IRUZDUGH[WHUQDOIDXOWDW/LQH(팀kPIURP7
) UHYHUVHH[WHUQDOIDXOWDW/LQH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
YROWDJHUHVSRQVH LVPRUHJUDGXDODQG WKHUHDUHQRVKDUSHGJHVRQ
WKH YROWDJH ZDYHIRUPV 7KLV LV H[SHFWHG VLQFH IRU DQ\ H[WHUQDO
IDXOWWKHHTXLYDOHQWLQGXFWDQFHLQFOXGHGLQWKHIDXOWFXUUHQWSDWKLV
DOZD\V VLJQLILFDQWO\ ODUJHU WKDQ IRU WKH LQWHUQDO IDXOW GXH WR WKH
LQVWDOOHGOXPSHGUHDFWRUVVHH7DEOH
$ FKDOOHQJH IRU WKRVH ILYH IDXOW VFHQDULRV ZRXOG EH WKH
GLVFULPLQDWLRQEHWZHHQ))DQG)DVWKH\DUHSUDFWLFDOO\LQWKH
VDPH ORFDWLRQ VHSDUDWHG E\ GLIIHUHQW YDOXHV RI OXPSHG LQGXFWRUV
6XFK GLVFULPLQDWLRQ ZRXOG EH YHU\ XVHIXO LQ WKH FRQWH[W RI
SURWHFWLRQ %\ REVHUYLQJ WKH H[SDQGHG YLHZ DUHD GHSLFWHG LQ
)LJI IRUIDXOWV))DQG) LWFDQEHVHHQWKDWIRUWKHUHPRWH
LQWHUQDOIDXOW LH) WKHPDJQLWXGHRI WKHILUVWYROWDJHWUDYHOOLQJ
ZDYH UHDFKHV WKH ORZHVW YDOXH ∼í(팀k9 +RZHYHU IRU DQ\
H[WHUQDOIDXOWVLH)DQG)'&YROWDJHIDOOVGRZQXQWLOí(?
N9 7KLV JLYHV  D UHODWLYHO\ ZLGH PDUJLQ WR DFKLHYH UHOLDEOH
GLVFULPLQDWLRQ EDVHG RQ XQGHUYROWDJH FULWHULD 7KH VDPH ORJLF
FRXOG EH DSSOLHG E\ DGRSWLQJ UDWH RI FKDQJH RI '& YROWDJH EXW
FKDOOHQJHVUHODWHGWRQRLVHDUHH[SHFWHGWRDULVH
(YHQ WKRXJK WKH OHYHO RI '& YROWDJH FDQ DVVLVW WRZDUGV WKH
GLVFULPLQDWLRQ RI IDXOWHG IHHGHUV WKHUH LV D VLJQLILFDQW FKDOOHQJH
UHODWHGWRIDXOWUHVLVWDQFH5I6SHFLILFDOO\WKHKLJKO\UHVLVWLYHIDXOW
FDQLPSRVHDVPDOOHUYROWDJHGURSDQGKHQFHLWZRXOGEHGLIILFXOW
WR VHW YROWDJH WKUHVKROGV $V VXFK WKH ZDYHOHW WUDQVIRUP LV D
SRVVLEOHVROXWLRQWRPLWLJDWHWKHVHFKDOOHQJHV
 ,PSDFW RI '& LQGXFWRUV RQ WUDYHOOLQJ ZDYH EDVHG
GHWHFWLRQ
,W KDV EHHQ GHPRQVWUDWHG LQ 6HFWLRQ  WKDW WKH LQGXFWLYH
WHUPLQDWLRQ RI WUDQVPLVVLRQ OLQHV IRUPV D VLJQLILFDQW ERXQGDU\
EHWZHHQ'&YROWDJHDQGFXUUHQWVLJQDWXUHVWKLVZDVGHPRQVWUDWHG
ERWK IRU LQWHUQDO DQG H[WHUQDO IDXOWV 7KH GLIIHUHQFH LV PRUH
VLJQLILFDQWIRUWKH'&YROWDJHWUDFHVWKDQIRUWKHFXUUHQW+RZHYHU
GLIILFXOWLHV PD\ DULVH UHJDUGLQJ YROWDJH WKUHVKROG VHOHFWLRQ XQGHU
KLJKO\UHVLVWLYHIDXOWV7RDGGUHVVWKLVLVVXHDQGIXUWKHULQYHVWLJDWH
WKH LPSDFW RI LQGXFWLYH WHUPLQDWLRQ RQ WKH GHWHFWLRQ RI WUDYHOOLQJ
ZDYHV WKH'&YROWDJHPHDVXUHPHQWVFDSWXUHG IRU IDXOW VFHQDULRV
) WR ) SUHVHQWHG LQ 6HFWLRQ  KDYH EHHQ DQDO\VHG WKURXJK
ZDYHOHWWUDQVIRUP7KHZDYHOHWWUDQVIRUPRIDIXQFWLRQYWFDQEH
H[SUHVVHG DV WKH LQWHJUDO RI WKH SURGXFW RI YW DQG WKH GDXJKWHU
ZDYHOHWΨa,b∗ t 7KHGDXJKWHUZDYHOHWΨa,b∗ t LVDVFDOHGDQGVKLIWHG
YHUVLRQRIWKHPRWKHUZDYHOHWΨa,b(t)6FDOLQJLVLPSOHPHQWHGE\Į
ZKLFK LV WKH ELQDU\ GLODWLRQ DOVR NQRZQ DV VFDOLQJ IDFWRU DQG
VKLIWHGE\EZKLFKLVWKHELQDU\SRVLWLRQDOVRNQRZQDVVKLIWLQJRU
7DEOH(? (TXLYDOHQWLQGXFWDQFH/IURPSRLQWRIPHDVXUHPHQWWRWKHIDXOWFRUUHVSRQGLQJWRVFHQDULRV)WR)±7DEOH
6FHQDULR ,QGXFWDQFH 9DOXHP+
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IRUIDXOWHG/LQHV±UHVSHFWLYHO\

)LJ௒'&YROWDJHDQGFXUUHQWUHVSRQVHFRUUHVSRQGLQJWRIDXOWVFHQDULRV)WR)
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E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WUDQVODWLRQ,IWKHIXQFWLRQYWDQGPRWKHUZDYHOHWΨa,b(t)DUHUHDO
IXQFWLRQVWKHQWKHUHVXOWLQJWTΨ α,b v t  LVDOVRDUHDOIXQFWLRQ,Q
DQ\ RWKHU FDVH WKH PRWKHU ZDYHOHW Ψa,b t  DQG WKH UHVXOWLQJ
WTΨ a,b v t DUHFRPSOH[IXQFWLRQV
WTΨ α,b v t = ∫
−∞
+∞
v t
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Ψ
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a
daughter wavelet Ψa, b
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t
dt 
)LJVDDQGELOOXVWUDWHWKH'&YROWDJHVLJQDWXUHVFDSWXUHGDWWKH
OLQH VLGH RI WKH LQGXFWRU IRU LQWHUQDO DQG H[WHUQDO IDXOWV
UHVSHFWLYHO\ 7KH FRUUHVSRQGLQJ ZDYHOHW WUDQVIRUP LV GHSLFWHG LQ
)LJVFDQGG
,Q WKH FDVH RI LQWHUQDO IDXOWV ) DQG ) WKH UHVXOWLQJ ZDYHOHW
WUDQVIRUPVUHDFKKLJKYDOXHVXSWR(?î(?)LJF7KLVLVGXHWR
WKHIDFWWKDWWKHPHDVXULQJSRLQWLVFORVHUWRWKHIDXOWDQGGRHVQRW
KDYHDQ\OXPSHGUHDFWRULQEHWZHHQ$VIRUH[WHUQDOIDXOWV))
DQG ) WKH UHVXOWLQJ PDJQLWXGH RI ZDYHOHW WUDQVIRUPV DUH KLJKO\
DWWHQXDWHG)LJG7KLVLVH[SHFWHGVLQFHIRUDQ\H[WHUQDOIDXOW
WKH HTXLYDOHQW LQGXFWDQFH LQFOXGHG LQ WKH IDXOW FXUUHQW SDWK LV
DOZD\V VLJQLILFDQWO\ ODUJHU WKDQ IRU WKH LQWHUQDO IDXOW GXH WR WKH
LQVWDOOHGOXPSHGUHDFWRUVVHH7DEOH
7KHGLIIHUHQFHLQPDJQLWXGHRIZDYHOHWWUDQVIRUPEHWZHHQDQG
H[WHUQDO IDXOWV SURYLGHV D VLJQLILFDQW VDIHW\ PDUJLQ IRU IDXOW
GLVFULPLQDWLRQ DQG KHQFH WR WKH GHVLJQ RI D UHOLDEOH SURWHFWLRQ
V\VWHP 6XFK PDUJLQ LV PXFK ZLGHU WKDQ WKH RQH SUHVHQWHG LQ
)LJ I ZKHUH '& YROWDJH PDJQLWXGH ZDV XWLOLVHG 0RUHRYHU
VLPSOHXQGHUYROWDJHFULWHULDFDQEHMHRSDUGLVHGE\RWKHUWUDQVLHQWV
RU H[FHVVLYH QRLVH LQ YROWDJH PHDVXUHPHQWV &RQVHTXHQWO\ DV LW
KDV EHHQ GHPRQVWUDWHG WKH ZDYHOHW WUDQVIRUP FDQ EH D YHU\
HIIHFWLYH WRROIRUGHVLJQLQJ07'&SURWHFWLRQVFKHPHVHVSHFLDOO\
ZKHQ WUDYHOOLQJ ZDYHIURQWV DUH DWWHQXDWHG E\ WKH WHUPLQDWLQJ
LQGXFWRUV
௑&RQFOXVLRQV
7KLVSDSHUSUHVHQWHGDGHWDLOHG'&VLGHIDXOWDQDO\VLVFRQVLGHULQJ
LQGXFWLYHWHUPLQDWLRQRIOLQHVZLWKLQDQ07'&JULG7KHDQDO\VLV
SURYLGHG GHVLJQ JXLGHOLQHV IRU '&VLGH LQGXFWRUV WDNLQJ LQWR
DFFRXQW LPSRUWDQWDVSHFWVRISURWHFWLRQ VXFKDV WKH UHTXLUHG IDXOW
GHWHFWLRQWLPHDQGWKHSHUIRUPDQFHFKDUDFWHULVWLFVRIWKHDVVRFLDWHG
&%V ,W KDV EHHQ GHPRQVWUDWHG WKDW WKH XWLOLVDWLRQ RI LQGXFWLYH
WHUPLQDWLRQVLQ'&OLQHVQRWRQO\OLPLWVWKHUDWHRIULVHRIFXUUHQW
EXW DOVR SURYLGHV YHU\ XVHIXO YROWDJH VLJQDWXUHV ZKLFK DVVLVW LQ
UHOLDEOH GLVFULPLQDWLRQ EHWZHHQ LQWHUQDO DQG H[WHUQDO IDXOWV ,Q
SDUWLFXODU LQ WKH FDVH RI D PXOWLWHUPLQDO QHWZRUN VXFK
GLVFULPLQDWLRQ FDQ EH DFKLHYHG E\ FRQWLQXRXVO\ PRQLWRULQJ WKH
)LJ௒9ROWDJHUHVSRQVHPHDVXUHGERWKDW7HUPLQDO7DQGOLQHVLGHRI/IRUIDXOWVFHQDULRVGHVFULEHGLQ)WR)
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I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VWDWXV RI '& YROWDJH RQ WKH OLQH VLGH RI WKH LQVWDOOHG LQGXFWRU
0RUHRYHU LW KDV EHHQ GHPRQVWUDWHG WKDW LQGXFWLYH WHUPLQDWLRQ RI
OLQHVIRUPVDVLJQLILFDQWERXQGDU\IRUYROWDJHWUDYHOOLQJZDYHV$V
VXFKE\XWLOLVLQJDZDYHOHWWUDQVIRUPDSSOLHGRQWKHUHVXOWLQJSRVW
IDXOWYROWDJHVLJQDWXUHVIXUWKHUDQGPRUHUHOLDEOHGLVFULPLQDWLRQRI
IDXOWV FDQEH DFKLHYHG)LQDOO\ LW KDGEHHQGHPRQVWUDWHG WKDW WKH
SRLQW RI PHDVXUHPHQW VLJQLILFDQWO\ DIIHFWV WKH FDSWXUHG IDXOW
VLJQDWXUHV $V D UHVXOW GHSHQGLQJ RQ WKH SRLQW RI PHDVXUHPHQW
GLIIHUHQW IDXOWUHODWHG IXQFWLRQV HJ SURWHFWLRQ FDQ EH GHVLJQHG
DFFRUGLQJO\7KHZRUNSUHVHQWHGLQWKLVSDSHUFDQDFWDVDWRROIRU
LQGXFWRU VL]LQJ EXW DOVR IRU GHYHORSLQJ GLVFULPLQDWLYH IDXOW
GHWHFWLRQ VFKHPHV EDVHG RQ WUDYHOOLQJ ZDYHV LQFRUSRUDWLQJ ZHOO
WXQHGZDYHOHWWUDQVIRUP
௑$FNQRZOHGJPHQWV
7KLVZRUNZDVIXQGHGLQSDUWE\5R\DO6RFLHW\RI(GLQEXUJK-0
/HVVHOOV 7UDYHO 6FKRODUVKLS LQ SDUW E\ *HQHUDO (OHFWULF *ULG
6ROXWLRQV LQ SDUW E\ WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI
&KLQD JUDQW QR  DQG LQ SDUW E\ WKH 1DWLRQDO .H\
5HVHDUFK DQG 'HYHORSPHQW 3ODQ RI &KLQD JUDQW QR
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